Cycle Rickshaw is a human-powered transportation device. A large number of people remain engaged in the occupation of pulling cycle rickshaw.
Introduction
Cycle Rickshaw is a very popular human-powered transportation device used extensively in India as well as in many other South-East Asian countries. It is used to carry passengers along with their luggage and merchandise. The people of poor and low socio-economic class remain engaged in the occupation of pulling cycle rickshaw. According to Vijayanunni [1] , in West Bengal, 0.26 million people are engaged in this occupation which is 30% of total cycle rickshaw pullers (0.86 million) of India.
Rickshaw pullers (RP) have to do strenuous exercise during work for long hours; there is no fixed time for their work. They are exposed to extremes of the weather conditions in different seasons along with other hazardous substances from automobile exhaust. A study from ROHC [2] reported various health problems of the cycle rickshaw pullers. Numerous studies on energy intake and expenditure were carried out in India in people with different occupations [3] . But there is scanty data available on the cycle rickshaw pullers [4] (Pradhan et al 2008) .
Assessment of physiological responses will be helpful to determine the workload imposed on the cycle rickshaw pullers.
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The study was conducted with the following objectives:
• assessment of nutritional status of the cycle rickshaw pullers
• assessment of their working heart rate and energy expenditure
Methods
Ethical committee clearance was obtained from Regional Occupational Health Centre (E) for the study. A list of rickshaw pullers in the age group of 30-49 years was prepared from different rickshaw stands. A list of control subjects nearly matching with age and socio-economic status was prepared from different localities. Eighteen rickshaw pullers and 11 controls subjects were selected for experiment after clinical examination in order to exclude subjects who were suffering from any kind of disease. Written consent was obtained from each of the participants after informing the purpose, nature and procedure of the study.
Body weight and height of the subjects were recorded. Skinfold thickness at biceps, triceps, subscapula and suprailiac were measured using a Skinfold caliper (Holtain, UK). Body mass index (BMI) of the subjects was derived from weight and height.
In order to assess their nutritional status, they were classified according to their BMI [5, 6] . Body composition of the subjects in terms of body fat percentage and lean body mass were assessed [7, 8] .
Rickshaw pullers were asked to pull rickshaw in two phases (pre and post lunch). Each phase consisted of 3 cycles each of 15 min work followed by 15 min rest. Heart rate was recorded every minute using a heart rate monitor (Polar Accurex Plus, Finland).
Maximal heart rate (HRmax) of the RP and that of control subjects was evaluated in the laboratory by exercise using a cycle ergometer (Lower Body Cycle; BIODEX, USA). Control subjects were asked to pedal a cycle ergometer (similar to RP in terms of muscle groups involved) in six cycles of 15 min work and 15 min rest. The load was adjusted to produce heart rate in the range of 70-80% of their HRmax. Average working heart rate (AWHR), peak working heart rate (PWHR) and percentage of recovery (PREC) of the RP and control subjects in different phases of work were determined.
Cardiac strain [9] of the task was derived from net cardiac cost (NCC) and relative cardiac cost (RCC). PREC was calculated from the equation of Pradhan et al [10] , which expresses the quantum of fall during recovery period as a percentage of the increment of working heart rate over resting heart rate. The energy expenditure (EE) of pulling rickshaw was determined from the recorded heart rate [11] and average energy cost was calculated considering all the six cycles.
All the experiments started in the morning at around 10:00 hours. During the experiments, dry bulb temperature was 21 -32°C, wet bulb temperature was 14 -28°C, globe temperature was 22 -35.5°C and wet bulb globe temperature index value was 16.8 -30.3°C.
Results
Physical characteristics of the rickshaw pullers and control subjects have been presented in Table 1 Heart rate patterns of the rickshaw puller and control subjects in different phases of work are shown in Fig 1. It was observed that values of all the cycles of Phase 2 were less than those of Phase 1 in both the groups. The difference in heart rate values between the rickshaw pullers and control subjects during work were more in Phase 1 compared to Phase 2. During recovery in all cycles of both phases, the pattern of heart rate values were almost same in both the groups.
The values of average working heart rate (AWHR), peak working heart rate (PWHR), energy expenditure (EE), net cardiac cost (NCC), relative cardiac cost (RCC), percentage of recovery (PREC) of the rickshaw pullers and control subjects in all six RP and control subjects in both the Phases. It ranged from 61 to 64% (RP) and 63 to 67% (Control).
Discussion
Body mass index values indicated that both Rickshaw pullers and Control groups were within 'normal' category [12, 5] The pattern of working and recovery heart rates observed in two phases of the present study was almost same in rickshaw puller as well as control subjects (Figure 1 ). It was observed that the heart rate did not reach the resting level in any of the cycle rickshaw pullers even after 15 minutes of recovery period.
Percentage recovery of the rickshaw pullers in the present study was similar with those of Chinsurah (67.7%) and Patna (68.5%)
as reported by Pradhan et al [4] . The rickshaw pullers often have to start a fresh work cycle even before a rest pause of 15 min.
Thus a fresh work cycle often starts before complete recovery from the previous spell of work, leading to accumulation of fatigue.
The AWHR and PWHR of all the rickshaw pullers showed the workload as 'heavy' and 'very heavy' category [13, 14] in all the phases. In case of control subjects, these values indicated the workload as 'heavy' category. The values of EE showed the job of rickshaw pulling can be categorized as 'heavy'. This observation is supported by earlier findings [10, 4] . In respect of EE, the job of control subjects was also 'heavy'.
Conclusion
The result of the study will make the cycle rickshaw pullers aware of the hazards of their occupation. They could be guided for taking care of their health by improvising their living style and work practice. These will also help the health administrators to take policy decision for administering better health care for the rickshaw pullers. The manufacturers of cycle rickshaw would be able to use the data for fabricating newer model of cycle rickshaw which would require less energy to drive. Thus the rickshaw pullers would be benefited.
